The object ofthis study was to develop an immunohistochemical method that could be used to study neuronal histamine, especially in nerve fibers and terminals where most previous methods have not been applicable.
Three new antisera were produced in rabbits against conjugated histamine, and the fixative used in conjugation, 
Introduction
Antibodies against histamine have been useful to determine the amine stones in the brain (Panula et al. , 1984; Steinbusch and Mulden, 1984; Wilcox and Seybold, 1982) , stomach (H#{226}kanson et al., 1986; Panula et al., 1985) , and sympathoadrenal system (H#{228}pp#{246}lll et al., 1985a, 1985b) . Although the methods currently used are suitable for immunohistochemical demonstration of the amine in these tissues, it is evident that the sensitivity ofthe previous method needs improvement to reveal the distribution of, e.g. , histaminecontaining nerve fibers in brain (Panula, 1986) . Aldehydes are commonly used when small molecules are coupled to carrier proteins to produce antisera for use in immunocytochemistry (e.g., Storm-Mathisen and Ottersen, 1986; Steinbusch et al., 1986 aldehyde and glutaraldehyde are usually used for tissue fixation when these antisera are subsequently applied to retain tissue antigens and to preserve tissue structure (Storm-Mathisen and Ottersen, 1986; Steinbusch et al., 1986) . The essential feature of aldehyde fixation is cross-linking ofprotein end groups, especially amino groups (Pearse, 1980) . (Pearse, 1980; Kendall et al., 1971; Stark, 1970) . They have been used in tissue fixation with good results (MadI et al., 1986; Polak et al., 1972; Kendall et al., 1971 ), but they have not been widely used in immunocytochemistry.
In this report, we describe the production, specificity, and application of three antisera against histamine using 1-ethyl-3(3dimethylaminopnopyl)-carbodiimide in conjugate production and tissue fixation. Cryostat sections (thickness 10-60 tm) were incubated with different dilutions ofantisera against HA. Tissues fixed with EDCDI only were soft and more difficult to handle than those fixed with EDCDI followed by paraformaldehyde or with paraformaldehyde alone. Cryostat sections were, however, made easily from EDCDI-fixed tissues. In free-floating incubations they disintegrated easily during agitated washing, and they were best incubated when mounted on gelatin-coated glass slides. The indirect immunofluorescence procedure was applied as described in detail (Panula, 1986; Panula et al., 1985) . Briefly, incubation with the primary antisera was carried out at 4'C for 42 hr, followed by 2 hr at room temperature. Cell Cultures. Cultures ofnewbom rat posterior hypothalamic cells were prepared using the culture method described earlier (Panula et al., 1979a (Panula et al., , 1979b (Panula et al., , 1980 . After rapid decapitation the brains were removed and placed in a petri dish containing culture medium.
The posterior basal hypothalami were dissected and placed in culture medium.
Tissue from four rats was dissociated in 2 ml of culture medium by forced manual pipetting. One hundred tl of the suspension was placed in a culture dish (diameter 35 mm) on a poly-L-lysine-coated glass coverslip. One to two ml of culture medium was added and the cultures were kept at 37'C and 80% humidity.
The culture medium was changed twice a week and the cultures were kept up to 1 month. 
Results

Spec:ficity Tests W/ith Dot-blots
When an HA-sOVA conjugate was applied to a nitnocellulose filten and detected with the HA antiserum 1 1C, prepared against HA-sKLH, a strong reaction was seen ( Figure  1) . A similar conjugate made against L-His gave only a faint reaction, comparable to that obtained with 103-104-fold lower concentrations of the HA conjugate ( Figure  1) . The antiserum did not detect sOVA at any concentration, and free histamine was also not detected on the nitnocellulose filter ( Figure  1 ). When the antiserum was preabsorbed with L-His-5OVA, the weak reaction against L-His-5OVA disappeared completely ( Figure  1B) , while pne-absorption with HA-sOVA also reduced considerably detection of HA-sOVA (Figure 1C) . Affmity-punified immunoglobulins against HA-sKLH detected HA-sOVA with no cnossreactivity to L-His-sOVA ( Figure  1D ).
These results were confirmed using another carrier protein, sBSA.
Histamine antiserum 11C did not detect HA-sBSA conjugate prepared with formaldehyde as coupling agent (Figure 2A) , whereas the HA-sBSA conjugate prepared with EDCDI as coupling agent bound the antiserum well (Figure 2A ). The antiserum bound L-His-sBSA with a 102-103-fold lower potency than HA-sBSA, and this crossneactivity was further reduced when the antiserum was pre-absorbed with L-His-5KLH made with EDCDI ( Figure  2B ).
Pne-absorption ofthe antiserum with HA-sKLH made with EDCDI abolished almost all reactivity to this conjugate on the filter (Figune 2C) . Affinity-purified immunoglobulins from antiserum
1C
detected HA-sBSA well, with no crossneactivity to L-His--sBSA (Figure 2D) . All antisera reacted strongly with HA-sKLH on the nitrocellulose filter, and the crude antisera also showed reactivity for sKLH.
Crossneactivity to sKLH was abolished by pre-absorption with sKLH, while strong reactivity for HA-sKLH remained (data not shown).
When HA coupled to non-succinylated OVA (HA-OVA) was blotted onto nitnocellulose filters, a strong reaction was seen with antiserum prepared against HA-sKLH ( Figure 3A ), and this reaction was reduced considerably by pre-absorption of the antiserum with 20 p tg/ml (conjugate concentration) of HA-sBSA ( Figure  3B ).
Pre-absorption Tests on Tissue Sections
Specificity of the antisera was also examined with immunohistochemical blocking controls using rat stomach and brain fixed with EDCDI followed by paraformaldehyde. Bright immunofluonescence was seen in the enterochromaffin-like cells in rat stomach with antiserum HA 11C (Figure 4A) . Immunostaining was significantly reduced by pre-absonption ofthe antiserum with HA-sKLH (1 p.tg/ml conjugate concentration), and the same concentration of HA-sOVA also reduced the reaction ( Figures  4B and 4C ). Reduction of the immunostaining was observed with 100 tg/ml of free HA (Figure 4D) , whereas 200 tg/mlwas required to block the reaction as efficiently as with 1 tg/ml of HA-sKLH. 
Comparison of Fixatives
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Application ofEDCDlFixation ofNeuronalHistamine
Histamine-immunoneactive neurons and nerve fibers were detected in developing rat brain in the dorsal diencephalon on and after embryonal day 12 (E12), and alarge number of HA-immunoreactive Figure 4A ); + + , moderate: + , weak; ( + ), hardly detectable (as in Figure 4B ); -, not detectable immunofluorescence in consecutive sections of rat stomach. Third bleeding (C) from rabbits 11. 12, and 13. t' mast cells were also seen near the surfaces of the brain during the last embryonal days ( Figures  6A and 6B) . In 12-14-day-old rat hypothalamus, both the tubenal ( Figure 6C ) and the caudal magnocellular ( Figure 6D )nudeus (CMC)contained many HA-immunoreactive neurons.
Immunoreactive neurons near the CMC carried long processes ( Figure  6E) , and long varicose fibers were seen in the cerebral cortex of 14-day-old rats ( Figure  6F) . In adult nat brain, many immunoreactive neurons with long processes were seen in the tuberal, caudal ( Figure  7A) , and postmammillary caudal magnocellular nudei, but other brain areas were devoid of immunoreactive cell bodies. Dense networks of HAimmunoneactive nerve fibers were also found in the posterior basal hypothalamus,
where the cell bodies were detected, and in several basal nuclei ofanterior hypothalamus and in the pen-and paraventnicular nuclei.
At the level of the median eminence, many immunoreactive fibers were found in the ventromedial and arcuate nuclei ( Figure  7B ), whereas only single fibers projected to the median eminence. Mast cells were frequently found in the median eminence ( Figure  7B ) and around blood vessels in the thalamus. Moderately dense to dense networks ofimmunoneactive nerve fibers were seen throughout the cerebral cortex, medial septum, nucleus of the diagonal band, olfactory tubencle, gyms dentatus ( Figure   7C ), interpeduncular nudeus, substantia nigra ( Figure  7D ), amygdala( Figure  7E) where HA-immunoreactive cells surrounded the mammillary nuclei ( Figure 8) . In other brain areas, as in rat brain, no immunoreactive cells were found. When the peroxidase-antiperoxidase method was applied on EDCDI-fixed brain, the HAimmunoreactive neurons appeared as darkly stained cells against a weakly stained background, giving a similar impression to Golgiimpregnated preparations ( Figure  8 ). Brightly fluorescent HA-immunoreactive neurons were seen in cultured newborn rat tuberomammillary nucleus after 4 days in vitro, and after 4 weeks in vitro neurons still exhibited bright immunofluonescence for HA ( Figure  9A ). Rounded cell bodies car-ned varicose immunoneactive fibers ( Figure 9A ), which formed cxtensive networks on the monolayer ofnon-neuronal cells ( Figure 9B) .
Clusters ofsmall HA-immunoreactive, intensely fluorescent cells were observed in EDCDI-formaldehyde-fixed adult rat superior cervical ganglion ( Figure  9C ) and in the celiac-supenior mesentenic ganglion complex ( Figure 9D) . Strongly fluorescent mast cells were found scattered in the ganglia ( Figure  9D ).
Discussion
Model experiments on nitnocellulose filters have been used recently to study the specificity of immunohistochemical staining procedunes (Scopsi et al., 1986; Storm-Mathisen and Ottersen, 1986; Lassson, 1981) ula et al., 1984; Steinbusch and Mulder, 1984) and fibers have been described in different pants ofthe CNS (Panula 1986 (Panula , 1987 , a complete mapping of histamine-containing nerve fibers and terminals in the brain is still missing. Fixation of the brains with EDCDI allows visualization of these fibers, and their detailed distribution will be published in a separate communication.
It was apparent that the method used in this study is more sensitive than those used earlier to detect neunonal HA. The HA-immunoneactive cell bodies in rat and guinea pig brain were seen without colchicine treatment, and widespread fiber projections were seen in different parts of adult rat brain. The density of HA-immunoreactive fibers in the neostniatum was patchy and lower than expected, and the hippocampus also displayed fewer fibers than the cerebral cortex. In hindbrain, most immunoneactive fibers were seen in dorsal areas, and the densest fiber network was seen in the nucleus tnactus solitanii.
In general, the distribution of immunoneactive fibers corresponds well with biochemical determination of histamine in these areas (Thylon and Snyder, 1971) . Our preliminany studies on insect, frog, and monkey brain indicate that the method gives specific staining ofhistamine-containing neurons in all these species, which makes
